Measuring winter solid and liquid precipitation with high temporal resolution in remote or higher elevation regions is a challenging task because of undercatch and power supply issues. However, the number of micro-meteorological stations and ultrasonic height sensors in mountain regions is steadily increasing. To gain more benefit from such stations, a new simple approach for EStimating SOlid and LIquid Precipitation (ESOLIP) is presented. The method consists of three main steps: (1) definition of precipitation events using micro-meteorological data, (2) quantification of solid and liquid precipitation using wet-bulb temperature and filtered snow height and (3) calculation of fresh snow density. ESOLIP performance was validated using data from a heated rain gauge, snow pillow and daily manual observations both for single precipitation events and over three winter seasons. Results proved ESOLIP as an effective approach for precipitation quantification, where snow height observations and basic meteorological measurements (air temperature, solar radiation, wind speed, relative humidity), but no reliable rain gauges are available.
Introduction
Quantification of winter precipitation is still a major source of uncertainty within the water budget of Alpine catchments (see e.g. Egli et al. 2009 , Sevruk et al. 2009 , Gottardi et al. 2012 . Most of the climate or meteorological stations are located at the valley bottom, while, at higher elevations, the number of measurement devices and their accuracy is limited by accessibility, energy supply, financial costs and wind influence. Where a significant part of annual precipitation falls as snow, as at higher altitudes or latitudes, totalizer rain gauges work well for accumulated precipitation (Scherrer 2010) . However, for small, steep catchments with a proportionally short hydrological response (Symader 2004 ) datasets with sub-daily or hourly time resolution are necessary to get a more detailed understanding of runoff production and critical flood conditions. In this case it is important to consider every single precipitation event in order to quantify the water budget. Advanced instruments, such as snow pillows, snowpowers, parsivels or heated weighing rain gauges are necessary for measurements at shorter timescales (Egli et al. 2009 ). However, also methodological uncertainties even with advanced precipitation measurements are reported. Heated rain gauges suffer from wind undercatch, wind can blow snowflakes out of the gauge, stick-slip in the mechanism, especially for shallow low-density snowfall leading to further underestimation of snowfall; snow pillows can only be installed in flat areas and have the need of manpower walking around the pillow to break formed ice bridges; parsivels need high calibration effort to gather quantitative information on SWE (in addition to the information on precipitation phase); weighing rain gauges are accurate but they require maintenance (Savina et al. 2012) ; finally, the placement of the flat band of a snowpower such as the Snow Pack Analyser (Sommer and Fiel 2009 ) is crucial and different from season to season (see Sevruk 1986 , Judson and Doesken 2000 , Egli et al. 2009 ). In addition to the financial and logistic effort required for installation, or, alternatively, the need for time consuming manual measurements (not to mention the resulting low temporal resolution), there is a pressing need for alternative approaches for obtaining reliable winter precipitation data at high temporal resolution.
In recent years, cost-effective automatic stations for measuring snow height (mainly with ultrasonic sensors) and meteorological data (i.e. air temperature, relative humidity, global shortwave radiation, and CONTACT G. Bertoldi giacomo.bertoldi@eurac.edu wind speed) have increasingly become available in alpine regions (Pohl et al. 2014) . Even though their main purpose is for snow monitoring and avalanche risk assessment, potentially those observations could also provide useful information on snow water equivalent (SWE), if snow height observations are combined with snow density estimations. While several methods are mentioned in the literature for calculating SWE and thereby for deriving precipitation from snow height measurements at seasonal or daily (Sevruk 1986 , Egli et al. 2010 , Sturm et al. 2010 ) time resolution, these approaches have not been validated for sub-daily data of fresh snow. In fact, most of the existing methods for obtaining SWE from snow height measurements aim at total sums for the winter period, instead of identifying each single precipitation event. However, the SWE of a snowpack is not necessarily the sum of the total SWE which has fallen, and may lead to an underestimation of the total precipitation due to sublimation and melt losses. Hence, it is only by focusing on snow density and snow height of individual precipitation events that an accurate calculation of seasonal totals is possible.
To calculate the SWE of single snowfall events from snow depth measurements, an identification of the snow height increments of the single snowfall events and an accurate estimate of the snow density are necessary. The fluctuations of the ultrasonic snow height sensor due to changing air temperature are known as a significant source of error (Ryan et al. 2008) , and this makes it challenging to identify snowfall events automatically from instrumental records. In fact, measurements from ultrasonic snow height sensors tend to decrease by a couple of centimetres and rise back to the initial value with diurnal temperature and global shortwave radiation cycles (Terzago et al. 2012) . Manufacturer calibration partially adjusts ultrasonic sensor readings with respect to air temperature, but it does not fully account for the described decrease and rise in snow height measurement (Ryan et al. 2008) . For this reason, there is a need for properly filtering the snow height signal, in order to identify snowfalls. The average density of fresh snow is generally assumed to be around 100 kg m -3 (Sevruk 1986 , Goodison et al. 1998 . However, several studies (Sevruk 1986 , Hedstrom and Pomeroy 1998 , Jordan et al. 1999 , Egli et al. 2009 ) have shown that the density of fresh snow may vary between 30 kg m -3 and 450 kg m -3 depending on meteorological conditions, where air temperature and wind speed are the most relevant factors. Therefore, the use of auxiliary meteorological information about air temperature, humidity and wind speed is necessary both for identifying snowfall events and to estimate snow density.
In this paper we wish to propose a simple and costeffective procedure for Estimating SOlid and LIquid Precipitation (acronym: ESOLIP) in mountain areas in order to assess precise seasonal totals, as well as for determining single precipitation events at sub-daily timescales. The procedure is based on the combined use of (1) micro-meteorological observations to determine whether precipitation was possible and to discriminate between the types of precipitation, (2) unheated rain gauge data for liquid precipitation estimation and (3) carefully filtered snow height data, combined with (4) the temperature-and wind-dependent density of fresh snow to calculate the SWE of solid precipitation. ESOLIP performance was validated in terms of SWE at two test-sites, where independent observations of solid precipitation from daily manual observations, from a heated rain gauge and a snow pillow were available. Finally, major limitations and advantages of the method are discussed.
Test sites
ESOLIP was generated and validated using meteorological data from two study sites in the Central Alps (Europe). The first site is located in the Stubai Valley in Austria at 47°7ʹ 44ʹʹ N, 11°18ʹ 20ʹʹ E at 1830 m a.s.l., with an average precipitation of 1094 mm and an average air temperature of 3.0°C at 1900 m a.s.l. (averages from 1991 to 2010, Hydrographic Service of Tyrol). The site is equipped with a meteorological station, which includes the following sensors: an ultrasonic snow height sensor, a heated and an unheated rain gauge, air temperature, global shortwave radiation, wind and humidity sensors (Campbell Scientific, Logan, UT, USA) as well as a snow pillow (3 m × 3 m, Sommer GmbH & Co KG, Austria).
The second test site is located in the Matsch Valley in Italy at 1500 m a.s.l., 46°41ʹ 10ʹʹ N, 10°34ʹ 46ʹʹ with a mean annual precipitation of 526 mm and an average air temperature of 6.6°C (Hydrographic Office of the Autonomous Province of Bolzano/Bozen, South Tyrol, averages from 1990 to 2010). This site is equipped with a meteorological station, including an ultrasonic snow height sensor, unheated rain gauges, air temperature, global shortwave radiation, wind and humidity sensors (Campbell Scientific, Logan, UT, USA) providing hourly data series since installation in 2009. In addition, manual observations of precipitation, snow height and fresh snow height are collected at this site every day at 9 a.m. (UTC + 1) by an observer of the Hydrographic Office of the Autonomous Province of Bolzano/Bozen. Both study sites are part of the Longterm Ecological Research (LTER) network and especially suitable for generating and validating ESOLIP because of their very low wind influence.
Method
The ESOLIP approach is illustrated schematically in Fig. 1 . In this section, we discuss in detail the single steps of the approach.
Filtering precipitation readings
After a first general data quality check (outliers, negative values, etc.), the possibility of precipitation occurring was determined in order to distinguish between real precipitation events (either solid or liquid) and erroneous sensor readings. Such events could mainly be ascribed to delayed snow melting in the unheated rain gauges. A simple approach for identifying most of the erroneous sensor readings is to exclude periods with low values of relative humidity (RH) and-during the day-high values of global shortwave radiation (R s ), because in such conditions precipitation occurrence is very unlikely. If precipitation is recorded in the unheated rain gauge, it is assumed to be melting snow in the rain gauge and thus discarded. Our target was to choose thresholds for RH and R s in order not to lose more than 2.5% of precipitation when considering only one filter and not more than 1% for both filters combined (during the day). A sensitivity analysis has been performed for choosing appropriate thresholds. Results are shown in Section 4.1.1. Data from the heated pluviometer and the snow pillow were used to determine the reference precipitation.
Precipitation phase discrimination and SWE estimation
Accurate discrimination between (i.e. quantification of) snowfall and rainfall forms the central step of the ESOLIP approach. Differentiation between solid and liquid precipitation is easier at sub-daily time resolution as the precipitation phase can change even within one precipitation event. Following Steinacker (1983) , and Rohrer (1992) a threshold of T w = 1°C was chosen. T w (wet bulb temperature) was calculated by solving the psychrometric formula (equation 1) implicitly (Wittenberg 2011) 
where T a is the air temperature and e (hPa) is the vapour pressure in the air, E (hPa) is the saturation vapour pressure and γ (hPa K -1
) is the psychrometer constant depending on air pressure (Kaspar 2004 ). E and e can be derived from relative humidity, air temperature and pressure (Murray 1967) . The unit of T a and T w for the formula is K.
For periods with T w ≥ 1°C, data records from the unheated rain gauge were classified as rain, otherwise, when T w < 1°C, each increase in snow height data of at least 0.2 cm per 15 minutes was considered as snowfall. However, oscillations of the ultrasonic snow height signal caused by temperature fluctuations and changes in surface snow properties should be removed. If sensors temperature data are available, the empirical equations such as the ones proposed by Varhola et al. (2010) or by Huang and Young (2009) could be applied to reduce those oscillations. However, to reduce the residual noise, a further low pass filtering of the signal is needed. A moving average is an easy and effective way for handling this problem (Brazenec 2005 , Terzago et al. 2012 ). We applied different moving averages in order to find an optimal compromise between the need to remove oscillations and to preserve snow height increments at a sub-daily time-scale. In order to estimate SWE, snow density should be calculated for all snow height increments that were identified as 'true'. To evaluate different methods for snow density calculation, we tested five methods: (1) the simple assumption of constant freshly fallen snow density equal to 100 kg m -3 (Judson and Doesken 2000) , (2) four methods presented by Brazenec (2005) based on air temperature only (equations 2-5), and (3) the method of Jordan et al. (1999) based on air temperature and wind speed U (equations 6 and 7). 
In contrast to the assumption of a constant density of freshly fallen snow of 100 kg m -3
, the application of these equations accounted for the dependence of snow density on air temperature (and wind) and included density changes during single snowfall events. The impact of the different snow density models on SWE estimation is discussed in Section 4.1.2.
Validation of ESOLIP
The ESOLIP approach was applied to single snow fall events as well as to three winter seasons (2009/2010, 2010/2011 and 2011/2012 respectively, from December to April) and compared with data coming from the snow pillow and a heated rain gauge at the Stubai site. At the Matsch site, data were compared with daily manual records taken by an observer. As the snow pillow in Stubai has been tested for reliability (Leitinger et al. 2010) , these data were used as reference data for total winter precipitation. Data from a heated tipping bucket rain gauge according to WMO standards were used as an additional information source. Data from the snow pillow required some pre-processing before they could be used for validation purposes. If meteorological conditions allowed snow precipitation (Section 3.1), SWE increments measured by the snow pillow were taken as valid observations and compared to the performance of the calculated SWE using different snow densities for the fresh snow. Data from the snow pillow when liquid precipitation was possible were discarded because of the possibility of water infiltrating the snowpack.
Results and discussion

Sensitivity analysis
A sensitivity analysis was performed in order to choose the threshold values for filtering precipitation readings, to discriminate between precipitation types and the optimal averaging interval for filtering snow height readings, and to evaluate the performances of different snow density models.
Filtering precipitation readings
Relative humidity (RH) measured at the weather stations increases, as expected, with precipitation (Häckel 2005) . At the Matsch test site, the average RH during precipitation events was 93%, but some very low RH values were also measured (Table 1) . Such low values also can be found in the literature. Rohregger (2008) and Lehning et al. (2002) during snowfall. The higher maximum for rainfall occurred in particular at the beginning of thunderstorms, when the sky was only partly covered by clouds. Based on the analysis of the dataset (Table 1) , a threshold of 400 W m -2 was used, under-recording precipitation by only 2.2%.
The SNOWPACK model (Lehning et al. 2002 ) includes a threshold of 250 W m -2 global shortwave radiation for snowfall events. Overall, the selected thresholds for ESOLIP are less stringent than those in the SNOWPACK model, since the latter works with half hourly time steps. The smaller the time steps, the stricter the thresholds should be. Apart from its relationship with cloudiness, an increase in R s also leads to higher air temperatures, which influences the signal of the ultrasonic snow height sensor. Excluding time periods with high R s can thus help to reduce the problem of oscillations in the ultrasonic snow height sensor, at least during daytime.
To keep things simple, we used a single threshold value for R s for the whole winter season. Eventually the method could be further improved by introducing a threshold based on the fraction of clear-sky radiation, which can be calculated using an external algorithm (i.e. Iqbal 1983 , Formetta et al. 2013 .
Precipitation phase discrimination and SWE estimation
Despite a transition zone from rainfall to sleet and finally snow (US Army Corps of Engineers 1956, Rohregger 2008) we decided to keep the ESOLIP approach as simple as possible by fixing a threshold temperature (T w = 1°C) with no transition interval. This simplification has the effect that a mixture of solid and liquid precipitation in the same period cannot be represented. Such events will be underestimated, since only one record-either snow height increment or rain-would be considered. However, the choice of using a threshold for T w to discriminate between such events, instead of using air temperature (T a ), minimizes the impact of this simplification (Steinacker 1983 ). Harder and Pomeroy (2013) also stated that T w is a more consistent predictor of precipitation phase than T a .
For reducing or smoothing the noise of the ultrasonic snow height sensor, first a temperature compensation based on air temperature readings has been applied (Cambell Scientific 2009):
where H S is the compensated snow sensor reading, H O the row reading, T a the air temperature and T c the snow sensor calibration temperature (in°C), in our case 0°C.
Then different moving average intervals from 3 hours up to 7 hours are reported (Brazenec 2005 , Terzago et al. 2012 . In Figs 2 and 3 the reduction of noise using different centred moving averages compared to the original hourly data is illustrated, using two typical events as examples. The first event (Fig. 2) refers to the site in Matsch and is a typical spring snowfall event, where the snow height measured by the ultrasonic sensor is disturbed by the daily oscillations in air temperature. The second event (Fig. 3) in Stubai is a typical small winter snowfall event, where the ultrasonic signal is disturbed by random noise, followed by a sunny day, showing a snow height signal disturbed by the daily oscillation in air temperature.
The effects of applying a moving average are notable in both examples. While the 3-hour moving average tends to reproduce some noise from the original data, the 5-hour and 7-hour moving averages are quite similar and seem to be free of noise. Compared to the sum of the original hourly snow height increments for these two events, reduction rates of up to 40% were found for the 3-hour moving average, up to 50% for the 5-hour moving average and up to 60% for the 7-hour moving average (Table 2) . Apparently, the 7-hour moving average fits better with the daily observer's estimations. However, the effect of snow settlement should be taken into account. In fact, there is a large consensus (Gray and Male 1981 , McClung and Schaerer 2006 , Kunkel et al. 2007 , Dewalle and Rango 2008 that snow settlement occurs in particular during the first few hours after a snowfall event, and this has to be considered when comparing sub-daily data with daily data. Settlement depends on a variety of factors (amount of new snow, grain size, temperature, etc.) and there exist different formulas for calculating snow settlement depending on time (Rohrer and Braun 1994) and grain size (Steinkogler 2009 , Vionnet et al. 2012 . On the basis of this literature we assumed a 20% higher amount of freshly fallen snow when comparing sub-daily summed snow height increments to daily measurements. Hence, the 5-hour moving average seems to be the best compromise from the three tested moving average intervals for both the single event as well as for the whole winter period. In fact, the 5-hour moving average reduces sufficiently the noise of the original signal, but it smoothes peaks less and is more appropriate at sub-daily scale compared to the 7-hour moving average. Manual observations in Matsch also confirm our hypothesis. In fact, the observer underestimates snow height by 18-21% compared to the 5-hour moving average, which is also perfectly in line with data from the literature ( Table 3) .
The method could eventually be further improved by introducing different, more complex, filtering Figure 3 . Comparison of different moving average (avg) intervals to reduce the noise in the snow height signal for a snowfall period followed by sunny weather at the Stubai test site. The moving averages are interrupted if weather conditions did not allow snowfall (see also Table 2 ).
techniques, such as, for example, a low pass band filter that smoothes the noise of the signal, while preserving the discontinuities (Vitti 2012) . However, we wish to keep the approach here as simple as possible in order for it to be applicable at operational level. Different methods of snow density calculation were compared for all snowfall events in three winter seasons at the Stubai site. Some of the density equations have intrinsic minima and maxima and some averages differ significantly from a constant density of fresh snow of 100 kg m -3 (Fig. 4) . The methods of Jordan et al. (1999) and Hedstrom and Pomeroy (1998) can reproduce the wide range of density of freshly fallen snow as discussed in the literature, and seasonal averages are close to the constant density of 100 kg m -3 . High snow densities, as simulated by the Hedstrom and Pomeroy (1998) formula are related to situations when there is snowfall with air temperature well above 0°C, because of low humidity or very high precipitation intensity. The method of Diamond and Lowry (1954) showed similar average values to a constant density of 100 kg m -3 , but, as can be seen from the range of maxima and minima, it is not able to account for the discussed wide range of density of freshly fallen snow of single events. The methods of LaChapelle (1962) and Fassnacht and Soulis (2002) showed a higher average compared with a constant density of 100 kg m -3 and were not able to reproduce a broad range of densities of freshly fallen snow for single events (Fig. 4) . Methods considering only the air temperature perform similarly to the method based on wind and air temperature. This confirms that wind speed is not that relevant for the chosen test sites when calculating the density of freshly fallen snow at such short time scales. However, at wind-exposed sites a method which includes wind speed might be more suitable. Finally, we applied the methods of Jordan et al. (1999) and Hedstrom and Pomeroy (1998) , as these both resulted in a wide range of densities of fresh snow for single events, simultaneously representing average densities close to the constant density of 100 kg m -3 .
Validation of ESOLIP
Application of ESOLIP to single events
The performance of ESOLIP was validated for two typical precipitation events in the Stubai site. The first event was a light winter snowfall event (Fig. 5 , T w −5°C) on 28 January 2010, the second one a mixed event with first liquid and later solid precipitation on 15-16 May 2012 (Fig. 6 , T w decreasing from 4 to −2.5°C) characteristic for spring conditions.
The winter snowfall event (see Fig. 5 ) was slightly underestimated. While the snow pillow registered a total sum of 2.6 mm for the snowfall event, ESOLIP showed a total of 2.3 mm (for both tested snow density algorithms). The heated rain gauge registered only 1.0 mm, however. This may also result in losses due to evaporation processes leading to underestimation of solid precipitation (Goodison et al. 1998) . The earlier start and later end of the events for ESOLIP is related to the use of a 5-hour moving average (Fig. 5) .
For the second precipitation event (see Fig. 6 ), the first 2 hours with T w > 1°C showed rainfall, followed by 2 hours during which only the heated rain gauge reported precipitation (T w decreasing from 1 to 0.5°C) and, after 23:00 (UTC + 1), 6 hours with snowfall as indicated by the snow pillow signal. In terms of precipitation timing, ESOLIP corresponds quite well with the snow pillow. However, the smoothing effect of the applied 5-hour moving average becomes evident for the time steps at 02:00 (UTC + 1) and at 04:00 (UTC + 3), when ESOLIP underestimates and overestimates, respectively, in comparison with the snow pillow. In terms of total precipitation, ESOLIP gives similar results to those of both the snow pillow and the heated rain gauge. The snow pillow registered a total of 8.9 mm SWE (rainfall at the start of the event was not registered as the snow pillow was not covered by -2010, 2010-2011, 2011-2012 , represented in black, dark grey and light grey, respectively. The numbers refer to the methods following (1) Jordan et al. (1999) , (2) Hedstrom and Pomeroy (1998) , (3) Diamond and Lowry (1954) , (4) LaChapelle (1962) and (5) Fassnacht and Soulis (2002) . The width of the box plots indicates 25th and 75th percentiles, the line in the middle of each box is the sample median, while dashed lines extend to 1.5 of the interquartile range. Values outside this range are represented with crosses. snow), ESOLIP showed a total of 8.1 mm (both rain and snow, for both tested snow densities) and the heated rain gauge registered 8.4 mm of total precipitation (Fig. 6 ). ESOLIP shows a good match with the snow pillow in both timing and sum of precipitation for both events. Especially when compared to the heated rain gauge, which tends to have a delayed response (Savina et al. 2012) , the timing of the modelled precipitation appears better for both events.
Application of ESOLIP to a winter season
In Fig. 7 and in Table 4 the solid precipitation [mm SWE] and the total (solid and liquid) precipitation [mm] estimated with ESOLIP are compared on a seasonal timescale with heated rain gauge and snow pillow records for the Stubai Valley. While the seasonal totals of SWE estimated with ESOLIP (with both snow density calculation methods) correspond very well with the snow pillow, over-and underestimates during some periods become evident. In particular, the use of a constant density of freshly fallen snow of 100 kg m -3 resulted in an overestimation for the whole winter period. When only periods when snowfall was possible are considered, and delayed snowmelt in the heated rain gauge is omitted (Fig. 7(a) , Table 4 ) a pronounced underestimation of heated rain gauge measurements becomes evident for a whole winter period.
To improve our understanding of measurement errors from heated rain gauges during winter periods, a comparison including all registered events (solid and liquid precipitation) was also made (Fig. 7(b) ). Such a comparison is only possible when there is snow on the snow pillow and no rainfall water lost by running off the pillow (i.e. rainfall is stored in the snow cover). According to the ESOLIP method liquid precipitation recordings from the unheated rain gauge were added to the solid precipitation where SWE was calculated with different snow densities (possibility of solid and liquid precipitation occurring according to Section 3.2 and 3.3). Results were similar only for snowfall events during the winter period. Although melting water from the heated rain gauge was included in the seasonal comparison of total precipitation, the performance of the heated rain gauge remained poor (Fig. 7, Table 4 ). Such results reconfirm findings in the literature concerning heated rain gauge measurement errors (Sevruk et al. 2009 ). Only at the start and the end of the season could the heated rain gauge provide reliable precipitation values. An explanation for this is the fact that higher temperatures allow an immediate start to the melting process. Considering the snow pillow as the reference for all winter seasons, ESOLIP corresponded better to the snow pillow when using the density equations by Jordan et al. (1999) and Hedstrom and Pomeroy (1998) , than when using a constant density of fresh snow of 100 kg m -3 in each winter season. In the winter seasons 2010-2011 and 2011-2012 in particular, the differences were negligible (Table 4) . By contrast, the use of the constant density of fresh snow of 100 kg m -3 tended to overestimate seasonal precipitation in all seasons by up to 30%.
Conclusions
ESOLIP is a simple approach based on snow height observations and micro-meteorological observations which can provide more accurate estimations at higher temporal resolution of winter precipitation events than by using snow height data and average snow density or a nearby rain gauge in the valley bottom. A manual observer is an additional information input, which can further reduce the uncertainty of the method but is not strictly needed.
The performance of ESOLIP, compared to measurement with a snow pillow, was promising and far better than the use of a heated rain gauge to measure SWE. For the test sites considered, best performances were Only the period with a continuous snow cover on the snow pillow was considered to avoid rainfall water running off it. According to the ESOLIP methodology liquid precipitation registered at the unheated rain gauge was added to solid precipitation (calculated SWE). For the heated rain gauge, both rainfall and melting water were included.
found by using the approaches of Jordan et al. (1999) and Hedstrom and Pomeroy (1998) to calculate a time variable snow density. To reduce the noise of the ultrasonic snow height sensor a simple 5-hour moving average was shown to be an effective approach, while the use of thresholds on relative humidity and global short wave radiation proved useful for reducing the errors due to false precipitation readings in rain gauge records. However, for operational use, a larger validation dataset for different climatic conditions (especially in regards to wind exposure) would need to be tested. Since advanced instruments for measuring winter precipitation are expensive and have sophisticated requirements for installation at high altitudes (i.e. power supply, accessibility, maintenance), ESOLIP is a cost-effective alternative for better exploiting information about precipitation events using low cost stations (i.e SnoMoS sensors, Pohl et al. 2014) , when snow height sensors and a nearby micro-metrological station are present. This is quite a common situation in Alpine snow monitoring sites. Thus a region-wide application of the method could benefit from a large number of sites, improving the estimation of spatial and temporal variability of precipitation in mountain regions.
